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DETERMINATION  OF  NITROGEN  IN  COAL;  A  COMPARI- 
SON OF  VARIOUS  MODIFICATIONS  OF  THE  KJELDAHL 
METHOD  WITH  THE  DUMAS  METHOD. 


By  Ajrxo  C.  Fieldxer  and  Carl  A.  Taylor. 


INTRODUCTION. 

The  experiments  described  in  this  paper  were  undertaken  in  the 
course  of  fuel  investigations  being  made  by  the  Bureau  of  Mines, 
their  purpose  being  to  ascertain  which  modifications  of  the  Kjeldahl 
method  are  best  adapted  to  the  determination  of  nitrogen  in  coal, 
and,  if  possible,  to  check  the  results  with  the  Dumas  gas-volumetric 
method.  The  latter  method,  although  difficult  and  tedious,  is  gen- 
erally regarded  as  being  applicable  to  almost  all  classes  of  organic 
compounds. 

In  a  series  of  determinations  some  of  the  best  known  of  the  various 
modifications  of  the  Kjeldahl  method  were  used.  Eight  coals  were 
chosen  to  represent  various  types  ranging  in  nitrogen  content  from 
0.8  to  1.8  per  cent.  The  sources  and  classes  of  the  coals  used  are 
given  in  Table  1  following. 

Table  1. — Sources  and  classes  of  coals  used  in  nitrogen  determinations. 


Coal 
No. 


Morton  County,  X.  Dak. . . 
Musselshell  County,  Mont  . 
Bureau  County,  111 

New  River  field,  W.  Va. . . 
McDowell  County,  W.  Va. 


Allegany  County,  Md . . . 
FayetteCounty,  W.  Va. 
Campbell  County,  Tenn. 


No.  3 

Sewell 

Poca  hontas 

No.  3. 
Davis  6-foot. . . 

Sewell 

Rex 


Lignite. 

Subbituminous. 
Bituminous. 
Semibituminous. 
Do. 

Do. 

Do. 

Bituminous. 


GENERAL  PROCEDURE  IN  DETERMINATIONS. 

A  considerable  quantity  of  each  sample  was  prepared  by  pulver- 
izing the  air-dried  coal  in  a  porcelain  ball  mill  to  pass  a  60-mesh 
sieve,  and  most-of  the  material  would  pass  through  a  100-mesh  sieve. 

The  general  procedure  in  all  of  the  Kjeldahl  methods  was  essentially 
as  follows:  A  1-gram  sample  was  digested  in  a  550-c.  c.  Kjeldahl 
flask  with  30  c.  c.  of  concentrated  sulphuric  acid  and  the  other  rea- 
gents required  in  the  particular  modification  being  used.  The  flask 
was  first  heated  over  a  low  flame  till  frothing  subsided  and  then  at  a 
temperature   sufficient  to   cause  gentle  ebullition.     The  digestions 
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were  continued  for  definite  periods  of  time — two,  three,  four,  and 
seven  hours  in  the  various  series.  In  those  determinations  in  which 
potassium  permanganate  was  used,  it  was  added  in  the  form  of 
powder  or  small  crystals,  about  10  minutes  after  the  flame  had  been 
extinguished.  The  mixture  had  then  cooled  enough  so  that  the 
violent  local  action  that  takes  place  when  permanganate  is  added 
to  the  boning  mixture  was  avoided.  Adding  permanganate  under 
these  conditions  several  times  during  digestion  did  not  cause  appre- 
ciable loss  of  nitrogen,  a  result  confirming  that  obtained  by  Siegfried 
and  Weidenhaupt.a  After  the  solution  had  been  cooled  and  diluted 
to  250  c.  c,  a  few  grams  of  granulated  zinc  and  an  excess  of  sodium- 
hydroxide  solution  containing  potassium  sulphide  were  added  and 
the  flask  at  once  connected  to  a  block-tin  condenser.  To  avoid  the 
mechanical  carrying  over  of  alkali,  the  distillation  was  conducted 
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Figure  1 . — Curves  showing  results  of  determination  of  nitrogen  in  various  coals  by  the  Kjeldahl  method 
with  and  without  the  use  of  potassium  permanganate.  Numbers  on  ordinates  represent  coals  similarly 
numbered  in  Table  1. 

very  slowly — at  the  rate  of  150  c.  c.  in  1^  to  2  hours.  The  ammonia 
was  collected  in  standard  sulphuric-acid  solution  and  titrated  with 
a  standard  ammonia  solution,  cochineal  being  the  indicator.  The 
solutions  were  carefully  standardized  by  several  methods.  Blank 
determinations  were  made  in  all  cases,  1  gram  of  pure  sucrose  being 
used  in  place  of  the  coal  sample. 

RESULTS  OF  EXPERIMENTS. 

SERIES    1,    DETERMINATIONS     BY    KJELDAHL    METHOD. 

Table  2  and  the  curves  in  figure  1  show  the  results  obtained  by 
digesting  the  samples  with  30  c.  c.  of  concentrated  sulphuric  acid 

a  Siegfried,  Max.,  and  Weidenhaupt,  O.,  Zur  Methode  Kjeldahls:  Ztschr.  physiol.  Chem.,  Jahrg.  76, 
1912,  s.  238. 


EESULTS   OF   EXPERIMENTS. 

and  0  7  gram  of  mercury  for  periods  of  two,  three,  and  four  hours 
boh  with  and  without  the  addition  of  potassium  permanganate 
after  the  digestion  had  been  completed.  An  inspection  of  the 
plotted  results  shows  clearly  that  the  amount  of  nitrogen  obtained 
tc  ases  with  the  time  of  digestion  and  with  -the  addition  of  per- 
man  "anate.  -Seemingly  this  method  requires  more  than  four  hours 
digestion  to  insure  the  maximum  yield  of  nitrogen. 

TaIe  l.-BmO*  of  determination  of  nitrogen  in  various  coals  by  the  Kjeldahl  method. 
[Digestion  with  0.7  gram  Hg  and  30  c.  c.  HjSOi.l  


Coal 
No.o 


Determination  No. 


No  KMn04  added  at  end  of 
digestion. 


Percentage  of  nitrogen  after 
digestion  for — 


KMnOi  added  at  end  of 
digestion. 


Percentage  of  nitrogen  after 
digestion  for — 


Number  of 

hours  of 

digestion 

before 

liquid 

became 

colorless. 


SERIES 


o  For  a  description  o  f  the  coals  see  Table  1. 
DETERMINATIONS    BY    KJELDAHL-GUNN1NG    METHOD. 


Table  3  and  the  curves  in  figure  2  show  the  results  obtained  by 
digesting  the  samples  with  30  c.  c.  of  concentrated  sulphuric  acid, 
0  7  gram  of  mercury,  and  7  grams  of  potassium  sulphate  for  periods 
of  two,  three,  four,  and  seven  hours,  with  and  without  the  addition 
of  permanganate  at  the  end  of  digestion. 
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Figure  2. — Curves  showing  the  results  of  determination  of  nitrogen  in  various  coals  by  the  Kjeldahl- 
Gunning  method.     Numbers  on  ordinates  represent  coals  similarly  numbered  in  Table  1. 

Table  3. — Results  of  determinations  of  nitrogen  in  various  coals  by  the  Kjeldahl-Gunning 

method. 

[Digestion  with  0.7  gram  Hg  and  30  c.  c.  II2SO4.] 


Determina- 
tion Xo. 

No  KMn04  added. 

KMnO 

4  added  at  end  of  digestion. 

Number  of 

Coal 

No.« 

Percentage  of  nitrogen  after 
digestion  for — 

Percentage  of  nitrogen  after  digestion 
for— 

digestion 
before 
liquid 

became 
clear. 

Two 
hours. 

Three 
hours. 

Four 
hours. 

Two 
hours. 

Three 
hours. 

Pour 
hours. 

Seven 
hours. 

fl 

0.61 
.64 

0.66 
.69 

0.71 
.76 

0.68 
.71 
.71 

0.78 
.77 
.71 
.74 
.75 
1.05 
1.04 
1.04 
1.04 
1.15 
1.13 
1.12 
1.13 
1.16 
1.22 
1.24 
1.19 
1.17 
1.20 
1.31 
1.31 

0.78 
.76 

0.80 
.78 

3 

! 

1 

•' 
3 

1 

J 
3 

1 
2 

:; 

I 

5 

I 
2 

; 

1 

2 
:; 
1 
5 

1 
2 
3 

1 

1 
> 

3 

i 

1 

li 

Average. 

.63 
.91 
.91 

.68 
1.05 
1.03 

.74 
1.05 
1.04 

.70 

.99 

1.03 

.77 
1.07 
1.05 

.79 
1.05 
1.07 

2 

li 

Average. 

.91 
1.12 
1.10 

1.04 
1.12 
1.10 

1.04 
1.13 
1.15 

1.01 
.98 
1.07 
1.04 
1.03 
1.15 
1.14 
1.17 
1.12 

1.06 
1.15 
1.15 

1.06 
1.18 
1.16 

3  j 

1| 

Average. 

1.11 
1.08 
1.06 

1.11 
1.19 
1.16 
1.14 

1.14 
1.19 
1?  19 

1.15 
1.18 
1.20 
1.18 

1.17 
1.15 

1.16 

1J 

4 

Average. 

1.07 
1.19 

1.23 

1.16 
1.29 
1.31 

1.19 

1.31 
1.30 

1.14 

1.26 
1.21 

1.19 
1.31 
1.31 

1.16 
1.20 
1.33 
1.25 
1.27 
1.35 
1.36 

■■• 

n 

Average. 

1.21 
1.28 
1.32 
1.28 

1.31) 
1.33 
1.33 

1.31 
1.40 

1.38 

1.24 
1.33 
1.32 
1.33 
1.32 
1.34 
1.33 
1.57 
1.49 

1.31 
1.36 
1.3S 

1.31 
1.38 
1.40 
1.38 

li 

6 

Average. 

1.29 
1.62 
1.51 

1.33 

1.67 
1.65 

1.39 
1.73 
1.75 

1.37 
1.72 
1.71 

1.39 
1.77 
1.75 

1.36 
1.66 
1.63 
1.61 
1.70 
1.67 
1.87 
1.86 
1.89 

7 

ii 

Average. 



1.57 
1.85 
1. 80 

1.66 
1.83 
1.85 

1.74 
1.86 
1.84 

1.53 
1.75 
1.75 
1.78 

1.72 
1.76 
1.84 
1.85 

1.76 
1.83 
1.85 
1.82 
1.S0 
1.83 
1.83 

ii 

8  1 

Average . 

1.83 

1.84 

1.85 

1.76 

1.82 

&1.87 

a  For  a  description  of  the  coals  see  Table  1. 

b  Coal  8  digested  in  the  same  set  for  4  hours  gave  1.86, 1. 


1,  and  1.86  per  cent  nitrogen. 
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The  addition  of  potassium  sulphate  to  the  sulphuric  acid  and 
mercury  accelerated  the  oxidation  of  the  coal,  the  digestion  mixture 
becoming  colorless  approximately  one-half  hour  sooner  than  in 
series  1.  In  those  determinations  in  which  permanganate  was  used 
at  the  end  of  the  digestion,  practically  identical  results  were  obtained 
in  the  three,  four,  and  seven  hour  periods.  After  digestion  had 
continued  for  eight  hours,  the  addition  of  permanganate  did  not 
change  the  nitrogen  percentage;  however,  after  digestion  for 
three  horn's,  without  the  use  of  permanganate,  several  low  yields 
were  obtained.  Hence,  adding  permanganate  according  to  the 
method  previously  described  in  this  paper  proved  a  positive  aid  to 
complete  oxidation  in  those  cases  where  the  time  of  digestion  was 


r— 1 1 1 r 

4\  hours'  d/gesf/on  by  the 


Figure  3. — Curves  showing  comparative  results  of  determinations  of  nitrogen  in  various  coals  by  the 
Kjeldahl  and  by  the  Kjeldahl-Gunning  methods.  Numbers  on  the  ordinates  represent  coals  similarly 
numbered  in  Table  1 . 

not  quite  sufficient.     In  no  case  did  the  addition  of  permanganate 
seem  to  cause  any  loss  of  nitrogen. 

The  greater  efficiency  of  the  Kjeldahl-Gunning  method  as  com- 
pared with  the  Kjeldahl  method  is  graphically  shown  in  figure  3, 
which  gives  a  comparison'  of  the  nitrogen  yields  obtained  by  the 
two  methods  on  digestion  for  two,  three,  and  four  hours. 


SERIES     3.    DETERMINATIONS    SHOWING    EFFECT    OF    VARIOUS    CONCEN- 
TRATIONS   OF    POTASSIUM    SULPHATE. 

Selfa  and  Carpiaux6  have  recently  called  attention  to  the  danger 
of  volatilization  of  ammonia  during  digestion  when  the  composition 

o  Self,  P.  A.  W.,  An  unrecognized  source  of  error  in  the  Kjeldahl-Gunning  method  for  the  determina- 
tion of  nitrogen:  Pharm.  Jour.,  vol.  SS,  1912,  pp.  3S4-3v5. 

&  Carpiaux,  E.,  A  source  of  error  in  the  Kjeldahl-Guiming  process:  Bull.  Soc.  chim.  Belg.,  vol.  27, 
1913,  pp.  13-14. 

97808°— 15—— 2 
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of  the  residue  approximates  that  of  acid  potassium  sulphate  (KHS04) . 
Losses  of  this  nature  were  avoided  by  using  a  large  excess  of  sulphuric 
acid — 30  c.  c.  of  acid  to  7  grams  of  potassium  sulphate.  As  shown 
in  the  results  presented  in  Table  4,  no  appreciable  diminution  in  the 
yield  of  nitrogen  occurred  when  the  potassium  sulphate  was  increased 
to  15  grams.  When  digestion  was  continued  four  hours  with  22 
grams  of  potassium  sulphate,  losses  of  0.04  to  0.13  per  cent  nitrogen 
took  place.  Seemingly,  the  ratio  of  grams  of  potassium  sulphate 
to  cubic  centimeters  of  sulphuric  acid  should  not  exceed  0.5. 

Table  4. — Results  of  nitrogen  determinations  showing  effect  of  varying  amounts  of  K2SOA 
in  Kjeldahl-Gunning  method. 

[30  c.  c.  H£S04,  0.7  gram.  Hg,  K2SO4  as  shown,  and  KMnO(  used  at  end  of  digestion.] 


Nitrogen  obtained  after  digestion 
for  three  hours  with — 

Nitrogen 
obtained 
after  di- 

Coal No  .<» 

7  grams 
K2SO4. 

10  grams 
K2SO4. 

15  grams 
K2S04. 

gestion  for 

four  hours 

with  22 

grams 

K2S04. 

1 

Per  cent. 
0.77 
1.04 
1.13 
1.20 
1.31 

1.37 
1.72 

1.82 

Per  cent. 
0.79 
1.04 
1.14 
1.18 
1.31 

1.40 
1.72 

1.82 

Per  cent. 
0.79 
1.0.5 
1.14 

1.15 

1.32 

1.40 
1.72 

1.82 

Per  cent. 

2 

3 

4 

5 

bl.21 

6 

1.19 

cl.66 

8 

1.68 
1.68 

1.76 

o  For  a  description  of  the  coals  see  Table  1. 

b  Coal  5  digested  in  the  same  set  with  7  grams  K2SO4  gave  1.32  per  cent  N. 

c  Coal  7  digested  in  the  same  set  with  7  grams  K2SO4  gave  1.72  per  cent  N. 


SERIES    4,    DETERMINATIONS    BY    KJELDAHL-GUNNING-JODLBAUER 

METHOD. 

Table  5  and  figure  4  give  the  results  obtained  by  digesting  the  coal 
with  30  c.  c.  of  sulphuric  acid,  7  grams  of  potassium  sulphate,  0.7 
gram  of  mercury,  2  grams  of  zinc  dust,  and  2  grams  of  salicylic  acid, 
according  to  the  Jodlbauer  modification  for  nitric  nitrogen.  The 
time  of  digestion  was  necessarily  longer  on  account  of  the  slow  and 
gradual  heating  required  by  this  method.  The  results  after  diges- 
tion for  four  and  one-half  hours  were  approximately  the  same, 
within  the  experimental  error,  as  obtained  with  the  standard  Kjeldahl- 
Gunning  method,  being  the  results  presented  in  the  discussion  of 
series  2  in  which  the  average  percentages  of  nitrogen  for  each  coal  in 
that  series  were  determined  by  digestion  for  four  hours  with  30  c.  c.  of 
concentrated  H2S04,  0.7  gram  Hg,  and  7  grams  K2S04,  KMn04  being 
added  at  the  end  of  the  digestion.  As  anticipated,  the  samples 
showed  no  nitric  nitrogen. 


EESULTS   OF    EXPERIMENTS. 
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Table  5. — Results  of  nitrogen  determinations  by  the  Kjeldahl-Gunning-  Jodlbauer  method. 
[30  c.c.  H2SO1,  7  grams  KjSO«,  0.7  gram  Hg,  2  grams  zinc  dust,  and  2  grams  salicylic  acid  used."] 


Determination  No. 

Percentage  of  nitrogen  after 
heating  for— 

Percentage 
of  nitrogen 
by  stand- 
ard Kjel- 
dahl-Gun- 
ning 
method. 

Differ- 
ence. 

Coal 
N0.6 

Three 
hours. 

Four 
hours. 

Four  and 
one-half 
hours. 

n        

0.75 
.78 
.76 
.94 
.93 
.93 
1.12 
1.07 
1.10 
1.18 
1.25 
1.21 
1.24 
1.27 
1.25 
1.15 
1.15 
1.15 
1.62 
1.64 
1.63 
1.60 
1.65 
1.62 

0.75 
.  75 
.  75 
.98 
.98 
.98 
1.15 
1.12 
1.13 
1.  25 
1.23 
1.24 
1.34 
1.39 
1.37 
1.28 
1.25 
1.26 
1.  7 ! 
1.74 
1.74 
1.75 
1.  80 
1.77 

0.  78  |l 

. 7s    \           O  77 

1 

J2 

+0.01 

[1  . 

.78 
.98 
.98 
.9S 
1.17 
1.16 
1.17 
1.20 
1.18 
1.19 
1.37 
1.34 
1.35 
1.30 
1.33 

[           1.06 
1. 15 
1. 19 
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2 
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|1  . 

3 
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4 

h 
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11.. 

5 

h 

+  .01 

[1  . 

6 
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[l  . 
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1.76 
1.  80 
1.82 

I              1    83 

7 

h  .    

.00 

(1  . 

g 

h  .            

.02 

1.  81    1 

1 

«■  All  of  the  solutions  became  colorless  after  digestion  had  been  carried  on  for  two  hours. 
b  For  a  description  of  the  coals  see  Table  1. 

SERIES    5,    DETERMINATIONS    BY    GUNNING    METHOD. 

Table  6  and  figure  4  show  the  results  obtained  by  digesting  the  <"oal 
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Figure  4. — Curves  showing  comparative  results  of  determinations  of  nitrogen  in  various  coals  by  various 
methods.    Numbers  on  ordinates  represent  coals  similarly  numbered  in  Tablo  1. 

four  hours  with  30  c.  c.  of  sulphuric  acid  and  7  grains  of  potassium 
sulphate,  according  to  the  Gunning  method,  and  adding  potassium 
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permanganate  at  the  end  of  digestion.  This  mixture  oxidized  the 
coal  very  slowly;  from  three  to  four  hours  of  digestion  was  required 
before  the  solutions  became  colorless.     All  the  results  were  low. 

Table  6. — Results  of  nitrogen  determinations  by  the  Gunning  method. 
[30  c.  c.  H0SO4  and  7  grams  K2SO4  used;  KMnO«  added  at  end  of  digestion.] 


Coal 

No.» 

Determination  No. 

Percentage 
of  nitrogen 
after  diges- 
tion for  4 
hours. 

Percentage 
of  nitrogen 
by  stand- 
ard Kjel- 
dahl-G  mi- 
ning 
method. 

Difference. 

fl 

0.65 

.65 

.65 

.78 

.  75 

.76 

.88 

.93 

.90 

.90 

.95 

.93 

1.03 

1.00 

1.01 

1.10 

1.15 

1.13 

1.25 

1.20 

1.23 

1.55 

1.48 

1.51 

1           0.77 
I           1.06 
[           1. 15 
|           1.19 
I           1.31 
I            1.39 

}      ,, 

\           1.83 

1 

2..   - ----- 

-0.12 

1 
fl.. 

2 

k ::::. 

-  .30 

1 
fi.. 

3 

k 

-  .25 

f 

fi.. 

4 

2 

-  .26 

1 
ft.. 

5 

2 — 

-  .30 

1 
fi.. 

6 

2 

-  .26 

1 
a.. 

7 

i2-- 

-  .53 

a.. 

8 

i2-- 

-  .32 

SERIES    6, 


<*  For  a  description  of  the  coals  see  Table  1. 

DETERMINATIONS    BY    COPPER-SULPHATE     MODIFICATION    OF 
KJELDAIIL   METHOD. 


Table  7  and  figure  4  show  the  results  obtained  by  digesting  coal  three 
hours  with  30  c.  c.  of  sulphuric  acid,  7  grams  of  potassium  sulphate, 
and  1  gram  of  copper  sulphate,  and  adding  potassium  permanganate 
at  the  end  of  digestion.  The  copper  sulphate  proved  a  less  effective 
catalytic  agent  than  mercury,  about  45  minutes'  more  time  being 
required  to  attain  a  colorless  solution.  The  percentages  of  nitrogen 
obtained  on  digestion  for  three  hours  were  from  0.02  to  0.37  per  cent 
less  than  by  the  use  of  mercury.  Longer  periods  of  digestion  would 
probably  have  given  the  full  yield  of  nitrogen. 


RESULTS   OF    EXPERIMENTS. 
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Table  7. — Results  of  nitrogen  determinations  by  the  copper-sulphate  modification  of  the 

Kjeldahl  method. 

[30  c.  c.  HsSOj,  7  grams  KjSO^  and  1  gram  CuSO^  used;  KMn04  added  at  end  of  digestion.] 


Xo.o 

Determination  Xo. 

Percentage 
Percentage   of  nitrogen 
of  nitrogen     by  stand- 
after  diges-     ard  Kjel- 
tion  for  3     dahl-Gun- 
hours.             ning 
method. 

Difference. 

1 
2 

11.. 

0.69  1 

.68    }           0.77 

.68   J 
1.02    1 

.99    >           1.06 
1.00   j 
1.04    1 

h 

—0.09 

11.. 

—  .06 

V 

I1-- 

Average 

3 

h 

.97 
1.00 
1.10 
1.08 
1.09 
1.24 
1.27 
1.25 
1.22 
1.22 
1.22 
1.69 
1.72 
1.70 
1.50 
1.53 
1.51 

V            1.15 
I           1.19 
I           1.31 
I           1.39 

\      " 

I           1.S3 

-  .  1") 

11.. 

Average 

4 

V 

-  .10 

5 
6 

7 

11.. 

Average 

h 

—  .06 

11.. 

)  9 

-  .17 

11.. 

—  .06 

r- 
L 

Average 

2.. 

—  .32 

Average 

a  For  a  description  of  the  coals  see  Table  1. 


SERIES    7,    DETERMINATIONS    BY    WILFARTH  8    MODIFICATION    WITH   THE 

USE    OF   P205. 

Table  8  and  figure  4  show  the  result-;  obtained  by  digesting  the 
samples  three  hours  with  30  e.  c.  of  sulphuric  acid,  6  grams  of  phos- 
phorus pentoxide,  and  0.7  gram  of  mercury,  and  adding  potassium 
permanganate  at  the  end  of  digestion,  according  to  one  of  the  Wil- 
farth  modifications  of  the  Kjeldahl  method. 

When  the  proportions  of  reagents  mentioned  were  used,  the  phos- 
phorus pentoxide  was  slightly  less  effective  than  potassium  sulphate, 
and,  furthermore,  it  is  a  less  convenient  material  to  use. 
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Table  8. — Results  of  nitrogen  determinations  by  Wilfarlh's  modification  with  the  use  of 

P20e. 

[30  c.  c.  H2SO4,  6  grams  P205,  and  0.7  grain  Hg  used,  with  KMnO,  added  at  end  of  digestion.] 


Coal 

No." 


Determination  No. 


1 

2 

Average 

f— 
II::... 

Average 

2............. 

Average 

2.'.'.'.'.'.'.'.'.'.'... 

Average 

2.'.'.'.'.'.'.'.'.'.'..'. 

Average 

ft:::::::::::::: 

Average 

ft-::::::::::: 

[  Average 


Percentage 
of  N  after 
digesting 

3  hours. 


Percentage 
of  N  by 
standard 
Kjeldahl- 
Gurming 
method. 


0.  73 
.71 

.  72 

i!oi 

.98 
.99 
1.11 
1.06 
1.0S 
1.13 
1.16 
1.14 
1.28 
1.33 
1.31 
1.33 
1.28 
1.31 
1.68 
1.73 
1.71 
1.63 
1.63 
1.63 


0.77 


1.19 


1.76 


1.83 


Difference. 


-0.05 

-  .07 

-  .07 

-  .05 
.00 

-  .08 

-  .05 

-  .20 


a  For  a  description  of  the  coals  see  Table  1. 


SERIES    8,    DETERMINATIONS    BY    DUMAS    METHOD. 

The  Dumas  gas-volumetric  method  of  determining  nitrogen  is 
generally  regarded  as  reliable  and  as  being  applicable  to  most  classes 
of  organic  compounds.  So,  in  making  an  investigation  of  various 
modifications  of  the  Kjeldahl  method  of  determining  nitrogen  in  coal, 
it  seemed  desirable  to  check  the  results  by  determinations  by  the 
Dumas  method. 

PROCEDURE. 

In  general,  the  procedure  followed  was  that  given  by  Gattermann  ° 
and  by  Meyer,5  an  open  tube  being  used,  and  pure  C02c  being  gener- 
ated by  K2C03  solution  and  dilute  H2S04.d  The  combustion  tube 
was  of  fused  silica,  and  the  nitrogen  was  collected  in  a  Schiff  nitrom- 
eter and  transferred,  for  measurement  over  water,  to  a  water- 
jacketed  gas  burette.  The  tube  was  charged  in  the  usual  manner 
with  a  roll  of  reduced  copper  gauze,  8  cm.  long,  and  about  40  cm.  of 
coarse  CuO,  followed  by  50  grams  of  fine  CuO  mixed  with  the  sample. 
In  filling  the  silica  tube,  pouring  the  fine  CuO  around  a  glass  rod  and 
then  removing  the  rod,  the  tube  being  held  horizontal,  thereby  leaving 

a  Gattermann,  Ludwig,  Practical  methods  of  organic  chemistry;  1907,  p.  85. 

b  Meyer.  H.,  Analyse  und  Konstitutionsermittelung  organische  Verbindungen,  Berlin,  1909,  p.  185. 
c  Blau,  Fritz,  Verfahren  zur  Bestimmung  des  Stickstoffes  in  organischen  Substanzen,  1892,  p.  277. 
d  Young,  G.,  and  Caudwell,  B.    An  improved  apparatus  for  generating  C02:  Jour.  Soc.  Chem.  Ind.,  vol, 
26, 1907,  p.  184. 
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a  channel  across  the  fine  material,  was  found  niore  satisfactory  than 
to  open  the  channel  by  tapping  the  tube,  as  the  tapping  tended  to 
form  a  canal  over  the  coarse  oxide  also.  The  fine  oxide  was  reoxi- 
dized  by  being  heated  in  the  air  in  an  iron  dish  after  each  determina- 
tion. The  coarse  oxide  was  similarly  treated  as  often  as  it  showed 
any  appreciable  signs  of  reduction. 

TESTING   THE    METHOD. 

To  test  the  method  a  blank  determination  was  made,  1  gram  of 
pure  sucrose  supplied  by  the  Bureau  of  Standards  for  calorimeter 
standardization  being  used.  There  was  little  difficulty  in  clearing 
the  cold  tube  of  air  so  that  the  C02  was,  completely  absorbed.  How- 
ever, when  the  copper  oxide,  especially  that  part  of  the  tube  contain- 
ing the  fine  oxide  and  sucrose,  was  heated,  fine  bubbles  of  a  non- 
absorbable gas  began  to  collect  in  the  nitrometer.  At  the  end  of 
two  hours'  heating  2  c.  c.  of  gas  had  collected,  and  after  four  hours 
there  was  over  4  c.  c,  and  the  gas  was  coming  slowly  but  steadily. 
As  the  sucrose  and  the  C02  were  both  free  from  nitrogen,  the  CuO 
was  regarded  as  the  probable  source  of  error. 

After  the  furnace  had  cooled,  the  CuO  was  removed  and  ignited  in 
the  iron  dish  over  a  Chaddock  burner  for  several  hours.  The  Chad- 
dock  burner  gave  a  more  diffused  heat  than  the  Meker,  so  that  the 
iron  dish  was  not  oxidized  sufficiently  to  scale  off  iron  oxide.  The 
tube  was  recharged  as  before  except  that  no  combustible  material 
was  used.  As  before,  the  tube  was  cleared  of  air  with  little  difficulty, 
but  when  the  copper  oxide  was  heated,  a  nonabsorbable  gas  was  given 
off.  At  the  end  of  6  hours,  6.6  c.  c.  had  collected.  The  tube  con- 
taining C02  was  allowed  to  cool  overnight,  and  again  heated  7  hours 
the  next  day,  an  additional  1.4  c.  c.  being  yielded.  At  the  end  of  the 
second  day  the  evolution  had  practically  ceased.  An  analysis  of 
the  gas  evolved  showed  5.41  per  cent  oxygen,  a  trace  of  combustible 
material,  and  94.6  per  cent  nitrogen.  The  experiments  were  repeated, 
several  different  brands  of  copper  oxide  being  used,  but  essentially 
similar  results  were  obtained.  However,  oxidized  copper  wire 
seemed  better  than  other  forms  as  the  tube  was  more  easily  cleared  of 
air.  Repeated  evacuation  of  the  cold  tube  with  a  Geryk  pump  and 
refilling  with  CO,  aided  in  removing  the  air,  but  failed  materially  to 
reduce  the  gas  obtained  in  heating. 

It  appeared  that  copper  oxide  prepared  by  igniting  and  cooling  in 
the  air  as  usually  directed  retained  air  which  could  not  be  removed 
by  evacuating  the  cold  tube,  and  which  was  slowly  but  persistently 
given  off  on  heating  in  an  atmosphere  of  C02. 

A  review  of  the  literature  on  this  subject  disclosed  the  following 
references:  In  speaking  of  the  Dumas  method,  Meyer °  states:  "The 

a  Meyer,  H.,  Op.  cit.,  p.  187. 


16  DETERMINATION    OF    NITBOGEH    IN    COAL. 

chief  source  of  error  lies  in  the  Impossibility  <>f  freeing  the  fine  copper 
oxide  from  air,  and  therefore  most  of  the  results  are  too  high  by  0.1 
to  0.2  per  cent."  Freseniusa  states:  "The  results  are  generally 
somewhat  too  high,  namely,  by  about  0.2  to  0.5  per  cent;  and  that 
in  a  blank  experiment  with  sugar  the  quantit}T  of  unabsorbed  gas 
should  not  exceed  lor  1.5  c.  c." 

Abegg  and  Auerbach6  state  that  "black  copper  oxide  has  the 
power  of  holding  gases  as  carbon  dioxide,  oxygen,  nitrogen,  carbon 
monoxide,  water  vapor,  etc.  This  may  be  by  absorption,  solubility 
in  the  amorphous  phase,  or  perhaps  by  chemical  combination." 

Morse  c  prepares  both  coarse  and  fine  copper  oxide  for  use  by  first 
heating  them  for  1  \  hours  or  more  at  a  full-red  heat  in  a  combustion 
tube  through  which  is  passed  a  current  of  oxygen  or  air.  Without 
cooling,  carbon  dioxide  is  then  passed  through  the  tube  for  an  hour 
or  more.     The  oxide  is  allowed  to  cool  in  carbon  dioxide. 

Phillips d  in  describing  the  Dumas  method  for  the  determination 
of  nitrogen  in  natural  gas,  comments  as  follows: 

Some  difficulty  was  experienced  in  expelling  air  from  copper  oxide  when  the  appa- 
ratus was  being  prepared  for  work.  In  beginning  a  series  of  determinations  several 
days  were  often  required  for  the  purpose.  The  porcelain  tube  was  strongly  heated, 
while  a  slow  stream  of  carbon  dioxide  was  maintained;  the  CuO  was  not  considered  to 
be  in  proper  condition  until  the  escaping  C02  was  absorbed  without  residue.  It  was 
found  that  the  CuO  when  once  impregnated  with  C02,  while  strongly  heated,  could 
be  reoxidized  by  air  current  with  little  tendency  to  occlusion  of  air,  but  if  the  copper 
oxide  was  allowed  to  cool  in  contact  with  air  much  time  was  lost  in  removing  the  air 
by  carbon  dioxide  even  when  strong  heat  was  applied. 

As  the  preliminary  determinations  confirmed  Phillips's  observa- 
tions in  regard  to  the  long  time  necessary  to  expel  the  air  from 
copper  oxide  by  merely  heating  it  in  a  current  of  C02,  it  seemed  de- 
sirable to  try  to  shorten  the  time  by  heating  the  CuO  in  a  vacuum  before 
using  it.  Experiments  were  made  to  test  the  advisability  of  this 
procedure  and  to  obtain  some  data  tending  to  show  how  the  nitrogen 
is  held. 

EXPERIMENTAL   WORK. 

As  a  basis  of  comparison  the  gas  volume  in  each  determination  was 
reduced  to  the  corresponding  volume  at  25°  C.  and  740  mm.  pressure, 
which  were  about  the  average  temperatures  and  pressure  at  which  the 
experiments  were  made. 

Experiment  la. — In  experiment  la,  100  grams  of  Baker  &  Adam- 
son's  CuO  fine  enough  to  pass  a  100-mesh  sieve  (86  per  cent  passed 
through  200-mesh),  followed  hy  a  reduced-copper  spiral  for  removing 
oxygen,  was  placed  in  the  silica  tube  of  a  combustion  furnace.     The 

a  Fresenius  (translated  by  Cohen),  Quantitative  chemical  analysis,  vol.  2,  Cth  ed.,  1904,  p.  68. 
b  Abegg,  R.,  and  Auerbach,  Fr.,  Handbuch  der  anorganische  Chemie,  vol.  2, 1908,  p.  004. 
c  Morse,  H.  N.,  Exercises  in  quantitative  chemistry,  1905,  p.  276. 

d  Phillips,  F.  C,  Fluctuation  in  the  composition  of  natural  gas:  Proc.  l'ng.  Soc.  AVestero  Pa.,  vol.  14, 
1898,  p.  299. 
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tube  was  connected  with  a  nitrometer,  an  apparatus  for  generating 
pure  CO,,  and  a  Geryk  pump.  The  air  was  removed  by  the  Geryk 
pump  and  replaced  by  pure  C02  several  times,  till  there  was  complete 
absorption  on  passing  C02  through  the  tube.  The  CuO  was  then 
heated  to  a  full-red  heat  for  two  hours,  resulting  in  the  evolution  of 
2.5  c.  c.  of  nonabsorbable  gas. 

Experiment  2a. — In  experiment  2a,  heating  of  the  CuO  used  in 
experiment  la  was  continued  several  hours,  a  vacuum  being  applied 
repeatedly  and  the  gas  being  replaced  by  CO,  until  no  further  non- 
absorbable gas  was  liberated.  The  CuO  was  cooled  in  CO,,  then 
removed  from  the  tube,  and  let  stand  overnight  in  the  air.  It  was 
then  replaced  in  the  tube  and  the  air  replaced  by  CO,  by  use  of 
vacuum  until  there  was  complete  absorption  in  KOH  solution.  After 
the  CuO  had  been  heated  for  two  hours  2.2  c.  c.  of  gas  was  collected. 

Experiment  3a. — In  experiment  3a,  heating  in  a  vacuum  was  con- 
tinued for  several  hours;  CO,  was  then  admitted,  and  the  tube 
allowed  to  cool.  When  the  tube  had  become  cool  the  CuO  was 
exposed  to  air  for  two  hours  in  an  open  dish,  and  the  experiment  was 
repeated  as  in  experiment  la;  1.9  c.  c.  of  nonabsorbable  gas  or  nitro- 
gen was  pioduced. 

Experiment  J+a. — In  experiment  4a,  the  CuO  from  experiment  3a 
was  cooled  in  CO,,  then  removed  from  the  tube,  mixed  with  sucrose, 
replaced  in  the  tube,  and  largely  reduced  to  metallic  copper  by  heat- 
ing. It  was  then  removed  from  the  tube,  again  oxidized  in  the  air  as 
usual,  replaced  in  the  tube,  and  treated  as  in  experiment  la.  After 
2  hours'  heating  3.5  c.  c.  of  nitrogen  was  collected. 

Experiment  lb. — In  experiment  16,  a  fresh  sample  of  the  brand  of 
copper  oxide  used  in  experiment  la  was  taken  and  treated  exactly  as 
in  experiment  la,  the  yield  of  nitrogen  being  2.3  c.  c. 

Experiment  4b. — In  experiment  46,  the  CuO  from  experiment  lb 
was  reduced  with  sucrose  and  treated  exactly  as  in  experiment  4a, 
the  yield  of  nitrogen  being  3.9  c.  c. 

Experiment  lc. — In  experiment  lc  100  grams  of  the  CuO  used  in 
experiment  46  was  treated  exactly  as  was  the  oxide  in  experiments  la 
and  16,  0.9  c.  c.  of  nitrogen  being  obtained.  In  order  to  show  the 
effect  of  the  size  of  the  CuO  particles  on  the  amount  of  nitrogen  re- 
tained, a  sample  of  Baker's  CuO  in  "wire  form"  was  pulverized  to 
pass  through  a  40-mesh  screen  and  remain  on  100-mesh. 

Experiment  2c. — In  experiment  2c  the  oxide  from  experiment  lc 
was  treated  exactly  as  was  the  oxide  in  experiment  2a,  0.7  c.  c.  of 
nitrogen  being  obtained. 

Experiment  4c — In  experiment  4c  the  oxide  from  experiment  2c  was 
reduced  with  sucrose  and  treated  exactly  as  was  the  oxide  in  experi- 
ments 4a  and  46,  2.7  c.  c.  of  nitrogen  being  obtained. 
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Experiment  5c. — In  experiment  5c,  the  oxide  from  experiment  4c 
was  treated  as  a  fresh  sample,  as  was  the  oxide  in  experiments  la,  lb, 
and  lc,  0.7  c.  c.  of  nitrogen  being  obtained. 

Experiment  6c. — In  experiment  6c,  the  CuO  from  experiment  5c  was 
again  reduced  with  sucrose  and  further  treated  as  was  the  oxide  in 
experiments  4a,  4b,  and  4c,  and  gave  3.2  c.  c.  of  nitrogen. 

Experiment  7. — In  experiment  7,  60  grams  of  the  40  to  100  mesh 
material  that  had  been  reduced  and  reoxidized  in  air  was  tested  in  a 
special  apparatus  of  glass  and  quartz  with  mercury  seals  at  the  joints. 
The  CuO  was  placed  in  a  quartz  tube,  which  then  was  completely 
evacuated  with  a  mercury  pump.  Heat  was  applied  by  an  electric 
furnace,  and  the  temperature  of  the  CuO  was  raised  to  800°  C.  Over 
150  c.  c.  of  gas  was  collected.  This  was  analyzed,  showing  89.60  per 
cent  CO,,  air  8.34  per  cent,  excess  N2  2.06  per  cent.  The  CuO  was 
then  removed  from  the  apparatus  and  heated  in  air  in  the  open  dish 
for  three  hours,  and  again  tested  as  described,  giving  less  than  1  c.  c. 
of  gas  under  the  combined  heating  and  vacuum  treatment.  The 
same  CuO  after  having  been  reduced  by  sucrose  and  cooled  in  C02  was 
again  heated  in  the  special  apparatus  in  a  vacuum  to  about  500°  C, 
when  such  a  large  quantity  of  gas  was  suddenly  evolved  that  the 
apparatus  was  broken  and  further  tests  discontinued. 


CONCLUSIONS    FROM    EXPERIMENTS. 

A  study  of  the  results  of  experiments  1  to  6,  inclusive,  as  shown  in 
Table  9  tends  to  show  that  the  nitrogen  given  off  on  heating  CuO  in 
a  vacuum  or  in  CO,  is  held  by  the  oxide  in  two  ways,  as  follows: 
(1)  In  some  form  of  chemical  combination  which  takes  place  when 
reduced  copper  is  oxidized  in  air ;   (2)  by  adsorption. 

Table  9. — Results  of  experiments  to  determine  quantity  of  nitrogen  given  off  from  copper 
oxide  on  heating  under  various  conditions. 


Ex: 

Method  of  treatment. 

Quantity  of  nitrogen,  at  25°  C.  and  740 
mm.  pressure,  given  off  on  heating 
100  grams  of  copper  oxide  at  approxi- 
mately 850°  C.  for  a  period  of  two 
hours. 

ment 
Xo. 

Baker  &  Adamson  200- 
mesh  CuO. 

J.  T.  Baker's 
"wire  form" 

40  to  100 
mesh  CuO. 

Sample  A. 

Sample  B. 

Sample  C. 

1 
2 

Copper  oxide  placed  in  silica  tube,  tube  evacuated,  and  air 
replaced  with  CO2  repeatedly  until  no  further  nitrogen 
was  evolved.    It  was  then  heated  for  two  hours 

Copper  oxide  from  previous  experiment  subjected  alter- 
nately to  vacuum  and  CO*  while  heated  to  850°  C.  for  sev- 
eral hours,  then  cooled  in  CO2,  exposed  to  air  18  hours, 

C.c. 
2.5 

2.2 
1.9 

3.5 

C.c. 
2.3 

C.c. 

0.9 

.7 

3 

CuO  from  previous  experiment  treated  as  in  experiment  2, 

4 

5 

CuO  from  preceding  experiment  cooled  in  C02,  reduced  to 
metallic  Cu,  reoxidized,  cooled  in  air,  and  treated  as  in 
experiment  1 

3.9 

2.7 

.7 

6 

3.2 
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Experiments  4  and  6  show  that  both  coarse  and  fine  copper  oxide, 
when  partly  reduced  and  reoxidized  in  air,  retain  nitrogen  which  is 
not  completely  removed  at  room  temperature  by  evacuation  and 
replacement  with  CO,,  2.7  to  3.9  c.  c.  of  nitrogen  having  been  given 
off  from  100  grams  of  oxide  on  subsequently  heating  it  two  hours  at 
850°  C.  in  an  atmosphere  of  C02. 

On  the  other  hand,  when  the  CuO  was  subjected  to  alternate  vacuum 
and  C02  for  several  hours,  at  850°  C.  instead  of  room  temperature, 
until  no  further  nitrogen  was  evolved,  and  was  then  cooled  in  CO,, 
exposed  to  air,  and  again  heated,  as  in  experiments  4  and  6,  the  40 
to  100  mesh  "wire"  oxide  gave  off  only  0.7  to  0.9  c.  c.  of  nitrogen, 
whereas  the  200-mesh  material  gave  off  1.9  to  2.2  c.  c. 

It  seems,  then,  that  adsorption  may  account  for  the  residual  nitro- 
gen, which  varies  in  amount  with  the  fineness  of  the  oxide,  and  that 
the  larger  quantity  of  nitrogen  obtained  on  the  first  vacuum-and-heat 
treatment  subsequent  to  reoxidation  in  air  of  reduced  copper  is  pres- 
ent in  some  form  of  chemical  combination.  The  larger  error  due  to 
the  so-called  chemically  combined  nitrogen  can  be  eliminated  from 
the  Dumas  method  by  first  preparing  the  copper  oxide  that  is  sub- 
sequently mixed  with  the  sample  by  heating  it  in  a  vacuum  for  sev- 
eral hours  and  cooling  it  in  CO,.  The  smaller  but  more  persistent 
error  due  to  adsorbed  nitrogen  can  be  reduced  by  using  as  coarse  an 
oxide  as  possible. 

When  50  grams  of  the  40  to  100  mesh  CuO  and  coarse  oxidized 
wire,  both  prepared  as  above,  were  used,  the  results  were  as  follows, 
the  time  of  heating  being  two  hours: 

Results  of  nitrogen  determination* — 40  to  100  mesh  CuO  and  course  oxidized  wire  used. 

WITH   SUCROSE. 


Weight  of 
sample. 

Nitrogen. 

Tempera- 
ture. 

Pressure. 

Nitrogen. 

Nitrogen. 

Grams. 
1.0000 
1.0000 
1.0000 

C.c. 
0.4 
.1 
.14 

25 
26 
30 

Mm.  of Hg. 

740 
745 
744 

Mg. 
0.43 
.11 

.15 

Per  cent. 

0.04 

.01 

.02 

WITH   PICRIC   ACID. 


0.2000 

34.2 

27 

745 

37.1 

18.55 

.2000 

33.7 

26 

740 

36.4 

18.18 

.2000 

32.8 

20 

746 

36.8 

IS.  41 

.2000 

33.4 

23 

746 

36.9 

IS.  46 

As  the  theoretical  nitrogen  content  of  picric  acid  is  18.34  per  cent, 
both  of  these  series  show  that  the  error  is  within  the  limits  of  the 
error  of  manipulation  for  most  work. 

In  further  corroboration,  the  explosives  chemical  laboratory  of 
the  bureau  has  made  many  nitrogen  determinations  on  various  nitro 
compounds  with  uniform  success,  by  using  these  precautions  in  the 
preparation  of  the  CuO. 
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In  Table  10  and  figure  5  are  given  the  percentages  of  nitrogen  ob- 
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Figure  5.— Curves  showing  comparative  results  of  determinations  of  nitrogen  in  various  coals  by  the 
Dumas  and  by  the  Kjeldahl-Gunning  method.  Numbers  on  ordinates  represent  coals  similarly  num- 
bered in  Table  1. 

tained  by   the   Dumas  method   in   the   previously   described   eight 
samples  of  coal. 

Tablk  10. — Comparative  results  of  nitrogen  determinations  by  Dumas  and  by  Kjeldahl- 

Gunning  method. 


1  •etermina;  ion  No — 

Percentage  of  N  by — 

Coal 

No.o 

Dumas 

method. 

Kjeldahl- 
Gunning 
method. 

Difference. 

fl 

0.73 
.61 
.80 
.71 
1.03 
.90 
.97 
.97 
1.15 
1.25 
1.07 
1.16 
1.21 
1.29 
1.10 
1.23 
1.21 
1.44 
1.19 
1.32 
1.32 
1.61 
1.65 
1.76 
1.67 
1.61 
1.86 
1.83 
1.91 
1.80 

|  „ 

|           1.06 

1.15 
1.19 
1.31 

1.39 

1.76 

1.83 

2 

1 

3 

-0.06 

1 
fl.. 

Average 

2 

2 

3 

-  .09 

1 
fl.. 

Average 

12 

]3 

+  .01 

1.. 

4 

+  .02 

fl 

2 , 

3 

-  .10 

1 

fl.. 

2.. 

3.. 

—  .07 

1 
fl.. 

Average 

2 

3 

—  .09 

I 
fl.. 

Average 

2 

8 

h 

—  .03 

4 ... 

a-  For  a  description  of  the  coals  see  Table  1. 
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The  procedure  was  the  same  as  in  the  sucrose  and  picric  acid 
determinations.  The  average  values  by  the  Dumas  method  check 
the  Kjeldahl-G mining  values  to  within  the  total  experimental  error 
of  the  two  methods.  The  larger  deviation  of  the  individual  Dumas 
values  are  due  to  the  experimental  difficulty  in  burning  a  relatively 
large  quantity  of  carbon  as  compared  to  the  nitrogen  present,  without 
having  the  nitrogen  contaminated  with  combustible  gases,  or  leaving 
some  unburned  coal  in  the  tube.  These  sources  of  error  are  not 
common  to  definite  nitrogen  compounds. 

The  volatile  hydrocarbons  of  coal,  including  large  amounts  of 
methane,  are  given,  off  readily  on  heating.  These  are  slowly  oxidized 
by  CuO  in  the  presence  of  C02°,  thereby  making  the  results  possibly 
too  high. 

Furthermore,  coal  and  coke6  oxidize  very  slowly  by  CuO  in  the 
presence  of  C02,  a  residue  of  unburned  carbon  possibly  being  left 
even  after  two  or  three  hours  of  heating.  So  without  examining  the 
evolved  nitrogen  for  combustible  gases  and  the  CuO  residue  for 
unburned  carbon,  there  would  always  be  some  doubt  of  the  accuracy 
of  the  individual  determinations  of  the  nitrogen  in  coals. 

SUMMARY. 

1.  In  determining  the  nitrogen  content  of  eight  different  coals  by 
various  modifications  of  the  Kjeldahl  method,  the  highest  and  most 
concordant  results  in  the  shortest  tune  of  digestion  were  obtained  by 
the  combined  Kjeldalil-Gunning  method  when  both  mercury  and 
potassium  sulphate  were  used  as  proposed  by  Dyer.c  This  confirms 
the  results  obtained  on  other  organic  materials  by  Sherman  and 
Faik,d  Gladding,6  Wedemeyer/  Trescot/  and  the  committee  on 
fertilizer  analysis  of  the  American  Chemical  Society.* 

2.  When  22  grams  of  potassium  sulphate  was  used  with  30  c.  c.  of 
acid,  no  losses  occurred  between  limits  of  7  and  15  grams  of  K2S04 
per  30  c.  c.  of  H2S04. 

a  Dunstan,  W.  R.,  and  Carr,  F.  H.,  Note  on  a  difficulty  in  the  determination  or  nitrogen  by  the  absolute 
method:  Proc.  Chcm.  Soc,  vol.  12, 1896,  pp.  48-19. 

b  Schmitz,  G.,  Zur  Bestimmung  des  Stickstoffes  in  Steinkohle  und  Koks:  Ztschr.  anal.  Chem.,  Jahrg.  25, 
1886,  pp.  314-31S. 

c  Dyer,  B.,  Kjeldahl's  method  for  the  determination  of  nitrogen:  Jour.  Chem.  Soc,  vol.  67,  1895,  pp. 
811-S17. 

d  Sherman,  H.  C,  and  Falk,  M.  J.,  The  determination  of  nitrogen  in  organic  compounds.  Jour.  Am. 
Chem.  Soc.,  vol.  26,  1904,  pp.  1469-1474. 

«  Gladding,  T.  S.,  Comparative  work  on  nitrogen  estimation  by  the  Kjeldahl  and  Gunning  methods  and 
by  a  combination  of  the  two  methods:  Proc.  Assoc.  Off.  Agr.  Chem.,  1906,  p.  85. 

/Wedemeyer,  K.,  Ein  Wort  zur  Stickstoffbestimmung  nach  Kjeldahl-Gunning:  Chem.  Ztg.,  Jahrg.  22, 
1898,  p.  21. 

pTrescot,  T.  C,  Comparison  of  the  Kjeldahl-Gunning-Arnold  method  with  the  official  Kjeldahl  and 
official  Gunning  method  of  determining  nitrogen:  Jour.  Ind.  Eng.  Chem.,  vol.  5, 1913,  pp.  914-915. 

h  The  determination  of  nitrogen  in  commercial  ammoniates  of  high  nitrogen  content .  First  report  of  the 
committee  on  nitrogen,  division  oi  fertilizer  chemists,  American  Chemical  Society:  Jour.  Ind.  Eng.  Chem., 
vol.  3, 1911,  p.  691. 
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3.  As  a  catalytic  agent  mercury  proved  more  effective  than  copper 
sulphate,  and  for  raising  the  boiling  point  of  the  mixture  K2S04  was 
superior  to  P205. 

4.  The  official  Gunning  method  did  not  prove  applicable  to  coal, 
as  the  results  from  digestion  for  four  hours  were  0.2  to  0.3  per  cent 
low. 

5.  Modifications  for  nitrates  or  nitro  compounds  did  not  give 
appreciably  different  results  from  those  obtained  with  the  ordinary 
Kjeldahl-Gunning  method. 

6.  In  no  determination  could  low  results  be  ascribed  to  the  addition 
of  potassium  permanganate  in  the  manner  described.  On  the  other 
hand,  it  seemed  to  promote  higher  results  when  the  digestion  was 
incomplete. 

7.  In  all  determinations,  in  order  to  insure  a  maximum  yield  of 
nitrogen,  it  was  necessary  to  digest  coal  approximately  two  hours 
after  the  solution  became  colorless. 

8.  An  independent  check  on  the  absolute  accuracy  of  the  Kjeldahl- 
Gunning  method  was  obtained  by  determining  the  nitrogen  in  given 
samples  by  the  Dumas  gas-volumetric  method.  The  greatest 
difference  in  the  average  values  was  0.10  per  cent  and  the  mean 
difference  was  0.05  per  cent. 

9.  Errors  in  the  Dumas  method  due  to  nitrogen  from  the  fine  CuO 
were  minimized  by  previously  heating  the  oxide  for  several  hours  in  a 
vacuum  and  cooling  it  in  C02,  and  using  "wire-form"  oxide  pulver- 
ized to  pass  through  a  40-mesh  screen  and  to  remain  on  a  100-mesh. 
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